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ABSTRACT

Satellite contamination continues to be a design

problem that engineers must take into account

when developing new satellites. To help with

this issue, NASA's Space Environments and

Effects (SEE) Program funded the development
of the Satellite Contamination and Materials

Outgassing Knowledgebase. This engineering

tool brings together in one location information

about the outgassing properties of aerospace

materials based upon ground-testing data, the
effects of outgassing that has been observed

during flight and measurements of the

contamination environment by on-orbit

instruments._ The knowledgebase contains

information using the ASTM Standard E-1559

and also consolidates data from missions using

quartz-crystal microbalances (QCM's). The

data contained in the knowledgebase was shared

with NASA by government agencies and

industry in the US and international space

agencies as well. The term 'knowledgebase' was
used because so much information and

capability was brought together in one

comprehensive engineering design tool. It is the

SEE Program's intent to continually add
additional material contamination data as it

becomes available - creating a dynamic tool
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whose value to the user is ever increasing. The
SEE Program firmly believes that NASA, and

ultimately the entire contamination user

community, will greatly benefit from this new

engineering tool and highly encourages the
community to not only use the tool but add data
to it as well.

INTRODUCTION

In early 1997, the SEE Program hosted a

technical workshop which asked technical

experts from around the US to prioritize
contamination issues as a basis for a section in a

future NASA Research Announcement (NRA).

Listed as a top priority by many experts was the

need for a single database of contamination

data, especially data based upon the ASTM E-

l 559-93 testing standard and data obtained from

quartz-crystal microbalances (QCM's). QCM's

have become industry's top choice for

measuring material outgassing properties data

and characterizing the on-orbit contamination
environment experienced by satellites)

In 1998, Dr. B. David Green of Physical

Sciences, Inc., and Bob Wood of Sverdrup

Technology/Arnold Engineering Development
Center (AEDC), along with the Applied Physics

Lab at Johns Hopkins University were funded by

the SEE Program to develop this unique

contamination database. The year 2000 saw the

final product delivered. It is now called the
Satellite Contamination and Materials

Outgassing Knowledgebase. The word

"knowledgebase' is used because this tool is

much more than just a materials database. It is

a comprehensive compilation of materials

outgassing intbrmation combined with features
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lhal alh'+v,,lhc u'+,cr tt> tnanipulat¢ the data

,:(interne.+ thclt.:in, l+caturcst)fthis unklLlC

cngilWCting tlc_.ign tt)t4 include:

• <.'onliuuination dale obtained using the

American Sqt,.:icty of Testing and Materials
(:\STM) I':- 1559-93 Standard Test Method

/or Contamination Outgas.s+ing

('/laracterixtics qf Spacecraft Materials

Ilhis data ,_upplcments data obtained using
the ASTM Standard E-595);

• Data obtained from on-orbit QCM

tneasurements tiom various spacecraft,

including Shuttle and other satellites;

• Specific materials contamination data from
the Ballistic Missile Defense Organization

(BMDO) Midcourse Space Experiment

(MSX) spacecraft;
• PDF tbrmat reference material;

• Browser-based plotting capability;

• Global key-word search capability;

• Glossary of terms, and

• On-line help capability.

Information from over 240 materials has been

obtained from private industry and government
centers from all over the US. Many NASA field

centers have voltmtecrcd Ihcir data and even the

European Space Agency (ESA) has contributed.

This is truly one of Ihe IllOSI comprehensivc

collcctions of matcrials outgassing intbrmation

derived from QCM data available t_vJay.

This papcr will lhrther highlight the contents of

this knowledgebase and will provide

inlormation as to how one may obtain it through

the SEE Program.

MATERIALS OUTGASSING

KNOWLEDGEBASE

The Knowledgebase was developed using the
Microsoft InterDev ®software plattorm and is

compatible with Microsoft Internet Explorer and

Netscape Navigator. The hierarchical structure

of the Knowledgebase is designed to:

• Minimize processing time to the user;

• Provide quick reference material keyword

search and data download capability;

• Provide easy incorporation of new datasets. 3

This hierarchical/ormat is very similar to the

Explorer program within Microsoft Windows ®
and should be familiar to most users.

Welcome to Satellite Contamination and Materials Outgassing
Knowledgebase

Figure 1. Front Page of Knowledgebase.
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Thescparalcgr()undandflightdatasctsaswell
astheonlinehibliographicalpublication
references(appro×imatclytO0areincluded)arc
searchablebykcywordsthatlinktotheactual
files.Thcplotroutinesallowtheusertoselect
specificdata,zoomin/outon theplotaxesand
printtheresultsattheuser'sI(x:ation.All data
filesarecontainedinMicrosoftExcel
spreadsheets(columndelimitedformat)and
imagefilesarein JPEGorGIFformatsthat
havecompressedversions,in "zip"format,that
permitrapiddownload.Thepapers,textand
figuresrepresentaclear,illustrativesummaryof
theeffectsobservedandconclusionsreached
throughanalysisbytheresponsibleresearcher.`+

Da_se_

The Knowledgebase's datasets are divided into
three main folders:

• Data based upon the ASTM E-1559 testing

standard;

• Data obtained on-orbit using QCM's;
• Data obtained from the MSX satellite

program.

ASTM E- 1559-93

This outgassing data is based upon the ASTM
E-1559-93 testing standard. It is intended to

supplement the ASTM Standard E595-93,
Standard Test Method for Total Mass Loss and
Collected Volatile Condensable Materials from

Outgassing in a Vacuum Environment.
However, no E-595-93 data is listed in the

Knowledgebase.

The first level down into the E-1559-93

hierarchical structure brings the user to the

"Search" and "Contributors of Data" levels.

displaycd containing links tt) the test data,

associated data plots, and downh)ad and plotting

options.

Figures 4 and 5 represent actu:tl test data that

was observed by the researcher during the test.
It is from this data and these plots that the user
will be able to extract the needed information.

The test reports also contain comments, test

setup/material sample descriptions and may

explain any anomalous readings or events that

may have occurred during the test. The test

report shown for the mettalized, SiC coated

Kapton (Figure 4) is only one style of test report
obtained from the various data contributors,

although all test report styles are presented in
PDF lbrmat. Theretbre, not all raw test data is

presented in ',he same style seen in the report in

Figure 4.

The plot seen in Figure 5 was provided by the

researcher and represents a detailed, specific

time-slice of the QCM frequency and operating

temperature data. Any specific plots such as
this that were provided by the researcher are

listed on the search results page. These specific

plots are in JPEG or GIF format and may be

printed at the user's location using the browser's

printing features.

The browser's real-time plotting feature allows

the user to custom plot specific test data in terms

of QCM operating temperature and frequency
versus total test time. This data is generally less

specific than the time-slice plots provided by the
researcher, but does allow the user to plot

multiple QCM data (frequency and operating

temperature) on one plot. An example is shown

in Figure 6. This data may also be printed at the
user's location using the browser's printing
features.

Selecting the "Search" option enables the user to

search tor any material in the Knowledgebase

that has been tested using the E-1559 testing

standard (see Figures 2 and 3 below). Figure 2

shows the alphabetical list of materials in the

Knowledgebase that can be searched. This
search can be further narrowed by selecting a

QCM temperature operating range in degrees
Celsius. In this case, metallized Kapton with a

silicon-carbide (SIC) coating has been selected.

After the completion of the search, a window is

The "Contributors of Data" option under the
main E-1559 branch lists all the contributors of

the data for the E- 1559-93 dataset and provides
a link to the contributor's email address should

the user have a question or comment about the
data. Work is currently being per[brined to link
the contributor's name to the actual that that

he/she contributed. This will enable the user to

be able to contact a specific contributor if there

are questions about a particular data set within

the Knowledgebase. This updated version
should bc available in mid-2001.

3

American Institute of Aeronautics and Astronautics



j FI_

Materials (Select One or More)

Search Results: 1 files found in E1559 database.

_1..

Figure 2. Example of E1559 Data Search Screen

Temperature Range |Celsius):

from

Search Results: 1 files found in E1559 database.

1)..

Figure 3. Results of Data Search
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] ,_lit+ =: 'J,_fl4fl I

%unpl¢ n I

MOLEKIT3 Test Results Form

Jack Triolo, CODE 545.6-2311 2013-500. NGST 5,:[5;'98
Tit C,..'dl_fqN*mm,_ l't,mm+r_: Mm_l_+m-nr:.

George Meadows, 724.4, 6-t353 Dupont (,kapton), IEC Laboratori_ (SiC coating,)
Crl,_l I_m mif Aim+ _,lmmrkqlTITe md.'_mmt

4.50", 114,3mm Metalliz_ Kapton, .0005" w,'SiC coating. 260-270nm, 022498_/1

0.795", 20.2ram 125ram _ 130ram, 162.5 cmz
E¢ +_,mnm _ Ibm

0.1.3Y' dia, _' 0.02" long 3.38mm dia. by,0,51ram long. N/A
Sml_l'nlun_u ,, , ,, . , . .
Sampledinted w/filter_ shopair.Samplefolded+rolled& v,rappedw/0.02 rinsedstatnlessu,lre.,

forminga cylinder+12mmdia.by35ml king.

[ m''r_s"h_bu'+il_u .... l t'm"r_'U'ml_*SsU_k'W'_'I;l'm'tat_w'_k" _mpbUdubW,igu

0.0716 _arns 10.27311 _tms [0.20151 _ams 0.00208 l_uns
l,..,.rm_W_ I t..+r,..,m,,_+S._mm,W+_,,,lm,.¢m_w,_p_ .,,,,eu,,'wr.,,at
0.0716 _,rmns 10.27103 _¢ams I0.19943p'anm 1.0322°/+

-_ o4,:1,.fl8 _4.4C N/A 5+6x I0+

4/2:"98 30,0_'C N/A 1.7x I0"s

Sm_d_;T,mlm_,m "Tm_._l_n_ tluml_r_Tt_(,t_e.Mt_,_t hnmhokPtwm_'l+n,_34Mu_,ham

30.0°C 28 hours N/A _3e-8, i.7e-8, 5.6e-6

QCM_ [ 5 '_ 7

D_posifio_ -2o"c -I0o"c -180'_C -60°C
Reemission 12Y'C l+..+l"C,'min 125"C @l"C:min 125"C :it_'+l"C*'min125"C @l"C+'min

I I
File
nth,I

'++\Gmeadov+s\datafiles_molekit3"_M3 98apr01 SiC Metallized Kapton +_30.xls

'_;,Gmendoves_olddataXmolekid _,M3 9gapr01 SiC Metallized Kapton @30.xls

\',,Gmeadov_s',archive data_,molekit3\1998 Film;.+M3 98apr01.zip

rhe EC w.as rai_ed into Cham_r _tt34+4'_C. m.,t to 30"C. Tile inlc.tlock w,s pmnped iaitially with tlkc EC ,_t .].t"C and the

EC under a v"amuum ofl_.s.+ tl_'-n 10 ; l'ccr lix 2 mimll,.._ l'he inlc+rk,ck was _,nted to 22 l'm'r with GN_ a_d the interlc,,;:k

p,,qq_d. Ih¢ i_+telrlockv+as ._t + 10 _ l',+r +siuh the I+C at 34'C fi.,t 3_:: mintUl+ t_ fm'.e _ing _aim'd into the cltambt'_.

,._.m,m+lic-+:

rhc ,,ulptJl uf OC.M8 s_,_s ,+:mc_,,h;_t itrc._ul+.._,._,,m_ x.;n'ialionx _,l ". 2 l t,e,>_.t+Ilie dur;tt_.qt of the tc-.,.I.

Figure 4, Example of Data Report Form
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Figure 5. Detailed Time.Slice of QCM Data.
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Figure 6. Example of Custom QCM Ph_t.
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Flight QCM Data manner as the E-1559 data.

QCMs have been llown on many spacecraft fl_r

the purpose of on-orbit measurements of
contamination levels at various locations on or

about a spacecraft s. The Knowledgebase has

attempted to identify and make available in one
location as much QCM flight data as possible.

In some instances, raw or processed data was

available; other times only papers or

reports describing the results were available
(also presented in PDF format). Raw or

processed data is accessed the same as the data

under the E-1559 folder. This flight data has

been organized into Shuttle and Satellite subsets

under the main Flight QCM Data folder.

Shuttle

NASA's Space Shuttle Program has been flying

QCM's as tar back as November 1981 aboard
the Shuttle Columbia and as recently as STS-82

in February 1997 onboard the Shuttle Discovery,

although more recent flights may have flown

them as well. Most QCM's flown by the

Shuttle, if not all, were part of a larger

instrumentation package and were used for

either monitoring contamination deposition or
the measurement of environmental effects - such

as atomic oxygen 6. The QCM's flown on STS-

82 helped measure contamination in the vicinity

of the Hubble Space Telescope during the

second servicing mission.

The Knowledgebase has identified seven

different flight experiments and lists them as
subsets under the Shuttle folder:

• Contamination Monitor Package (CMP)

• Evaluation of Oxygen Interaction with

Materials Experiment (EOIM-3)
• Induced Environment Contamination

Monitor (IECM)

• Plume Impingement Contamination (PIe)

• REturn FLux EXperiment (REFLEX)

• Shuttle Plume Impingement Experiment

(SPIE)
• Shuttle Solar Backscatter Ultraviolet

(SSBUV)

Each of these flight experiments has either

published paper references and/or raw or

processed data and is accessed in the same

Satellites

Numerous satellite QCM flight data references
have been identified as well. This list is a little

more extensive than the Shuttle's and has been

further subdivided. Since Russia's MIR Space

Station has flown three experiments, those

particular experiments are listed under a

separate MIR sub-folder:

• Astra-lI Experiment

• EuroMir 95 ICA Experiment

• Optical Properties Monitor (OPM)

Because the International Space Station (ISS) is

just now being built, it has not yet provided a

wide variety of QCM flight experiments.
Therefore, the data it did provide is listed under

the Satellites sub-folder. As time goes by and

ISS perlbrms more experiments, this new data

may be further subdivided into its own folder
(like the MIR's) under the Satellites tblder. The
rest of the Satellites tblder contains the

following QCM flight experiments:

• Deep Space 1
• Discoverer

• Environment Verification Experiment tor

the Explorer Platform (EVEEP)

• Hubble Space Telescope (HST)

• International Space Station (ISS)

• Long Duration Exposure Facility (LDEF)

• Orbiting Geophysical Observatory (OGO)

• Spacecraft Charging AT High Altitudes
(SCATHA)

• Spacelah 1

Once again, all the flight data contributors have
also been listed.

MSX

The Midcourse Space Experiment (MSX), the

premier space technology satellite of the
Ballistic Missile Defense Organization

(BMDOf, was launched April 24, 1996, into a

99 ° inclination, 485-nautical-mile (900 kin),

near circular orbit for a planned mission

duration of tour years. 8 A summarized primary

objective of the experiment was to precisely

measure the optical signatures from a broad

7

American Institute of Aeronautics and Astronautics



tangc ol natural phcnolncna, inch,ding tIle

[+_arlh, its upper atlnosphere, and celestial

_¢,jccts, as well as man-rnade targets. MSX

car,Jcd live tcmpcrature-controlled (.,)CM's for

measuring mass deposition on external surl_accs
ofthcspacecrali. '+ Analysis of this data will aid

l_tture spacccraft designers with new
characterizations and a better understanding of

the on-orbit mechanisms of optical instrument
contamination.

Legacy - this Ibldcr provides a legacy (_1the

mission, including spacecraft calibrati<m,

ground preparation and contamination

m<xleling.

An executive summary with a detailed "lessons

learned' is provided at the bottom of the MSX

t-older and includes specific intormation

gathered over the life of the mission.

All data and published-paper reference material

is accessed the same way as the E- 1559 data.

KNOWLEDGEBASE EXTRA FEATURES

The Knowledgebase also includes:

Figure 7. MSX Satellite Sponsored by BMDO.

The Knowledgebase divides the MSX data into
five sub-folders:

Instruments - this folder gives detailed

information concerning the optical

instruments aboard the spacecraft. Images
of the instruments and locations on the

spacecraft are also provided.

Films - this tolder is divided in two sub-

folders containing information about the

satel[ite's ground preparations and

operations of the on-orbit data collection.

Gases - this folder contains detailed

information on the gases measured around

the spacecraft during llight. Sub-folders

explain provide composition and trend
information.

Particles - this lolder contains detailed

information on the particles experienced by

the spacecraft during flight, including
occurrence, size and velocity as well as

inlormation on the optical scnsors.

• An on-line user's manual;

• A global search capability that allows the
user to select one or more keywords

associated with the contamination subject

matter that is used to sort through the

published paper reference material;

• Glossary of terms;

- On-line help section designed to offer
assistance with some of the technical

aspects of the Knowledgebase.

KNOWLEDGEBASE REVISION

In an eftort to continually make the

Knowledgebase as user-friendly and helpful as

possible, the SEE Program initiated a task in
March 2001 to increase the usefulness and

capability of the Knowledgebase.

This new work includes adding more specific

information to the 'Sponsor' fields, cataloging

the current materials into specific material types

(i.e. films, coatings, honeycombs, etc.), and

adding a search capability to the 'Type' and

'Sponsor' data fields in the E 1559 database.

This new search capability will allow more
detailed and faster searches on specific materials

and material types. This work will also

incorporate some smaller-scale suggestions from

users' comments, based upon their use of the

Knowledgebase up to this point.

This work should be completed by June, 2001,

and represents the SEE Program's commitment

to providing the most up-to-date and user

friendly prcxlucts as possible.

8

Aincrican Institute of Aeronautics and Astronautics



EXPORT CONTROL GUIDELINES REFERENCES

The SEE Prograln's current technology

development activities are governed by the US

Government's export control regulations. Our

technology products are developed mainly for

US government, industry and academia
customers. However, in certain circumstances,

toreign organizations and countries are eligible

to receive our products, provided they have a

valid Technology Transfer Agreement with

NASA Headquarters, subject to the US State

Department's approval. But since NASA and

the SEE Program are legally barred from

competing with US industry, eligible foreign
entities must also have a legitimate and

compelling reason to obtain a requested product.

Also, due to the ever changing global political

climate, new opportunities may suddenly arise

which necessitate relationships and Technology

Transfer Agreements with toreign customers.

For more information regarding instructions

detailing how to obtain the Knowledgebase,

please see the SEE Program's website at:

http://see.msfc.nasa.gov/

under the "What's Hot" category, or contact:

.
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SUMMARY

NASA's Space Environments and Effects (SEE)

Program, in cooperation with its participants,

has made significant progress in the area of

spacecraft contamination since 1993. As this

paper illustrates, the Satellite Contamination
and Materials Outgassing Knowledgebase will

be an invaluable tool lor the spacecraft design

community. Our Program hopes to continually
add additional materials and let the

Knowledgebase evolve to meet the needs of the

users. Our Program's success, however,

depends upon the feedback from government,

industry and academic programs on their

anticipated needs and the value of our

Program's products to their spacecraft systems

development and operational activities.

. Webpage, "What is MSX?", Midcourse

Space Experiment Hompage,
http://scies.plh.af.mil: 8600/whatis/msx intr

o.html, August 24, 2000.

. Webpage, "MSX Fact Sheet", Midcouse

Space Experiment Homepage,

h ttp ://scies.plh.af.mi l :8600/Spacecraft/msx
fact sheet.html January4, 1999.
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